Activation of an ataxia telangiectasia mutation-dependent intra-S-phase checkpoint by anti-tumour drugs in HL-60 and human lymphoblastoid cells.
In yeast cells, the intra-S-phase checkpoint slows down the rate of DNA replication in response to DNA damage. Here we showed that a similar checkpoint mechanism is present and activated by anti-tumour drugs in HL-60 and Epstein-Barr virus (EBV)-transformed human lymphoblastoid cells. Using bromodeoxyuridine (BrdU) pulse labelling combined with two-dimensional flow cytometric analysis, we clearly visualized the cell-cycle progression of the BrdU-positive population (cells originally belonging to the S phase) and detected even subtle changes in S-phase progression induced by mild drug treatment conditions free of apoptosis. The DNA topoisomerase II inhibitors, doxorubicin and etoposide (250 nmol/l and 400 nmol/l, respectively, for 8 h), retained the BrdU-positive HL-60 cells in the latter half of S and G2/M positions, and the pyrimidine analogue anti-metabolite, cytosine beta-D-arabinofuranose (Ara-C; 50 nmol/l), kept them in early-to-late S phase after 8 h of incubation. Because 10 micromol/l of caffeine added 2 h later attenuated the S-phase retardation by these drugs in HL-60 cells, slowing of the S-phase progression should be actively regulated. Furthermore, two ataxia telangiectasia (AT)-derived lymphoblastoid cell lines were impaired in the doxorubicin-induced S-phase retardation, which indicated that the process is at least partially dependent on ataxia telangiectasia mutated (ATM) gene product. The inhibitory mechanism on S-phase progression elicited by anti-tumour drugs in HL-60 and lymphoblastoid cells may therefore correspond to the intra-S-phase checkpoint of the yeast cells.